was isolated from 8 of them on initial culture. Of the three ferrets that were negative for the organism on initial biopsies, two were positive for gastric CLO on the second and third biopsies, while the third ferret remained negative for gastric CLO on the second biopsy. Of the 11 ferrets, 9 had gastric cultures positive for CLO on sequential biopsies at intervals that varied from 2 to 15 months. Two ferrets that were initially positive for CLO were negative for CLO on subsequent biopsies taken 8 to 10 months later. One of these was also negative for CLO on the third biopsy taken 22 months after the initial gastric biopsy. Of the 17 neonatal and juvenile ferrets from which samples for culture were taken, only 3 (18%) were positive for CLO. From days 1 to 17, eight ferrets were negative for C. pylori subsp. mustelae, whereas in the remaining nine ferrets surveyed from day 24 through month 6, 1 ferret each was positive for the organism on day 24, day 31, and month 6. The remaining six ferrets (from 2 litters) sampled at days 38 to 44 had negative gastric cultures. In all 16 adult ferrets from which samples were obtained at necropsy, C. pylori subsp. mustelae was isolated from both the antrum and the fundus. All bacteria isolated from the gastric mucosa from ferrets of various ages met the criteria for C. pylori subsp. mustelae. These bacteria appeared to have similar colony and microscopic morphologies. Biochemically, there was some minor variability, but they all rapidly hydrolyzed urea and were catalase and oxidase positive (3) . Almost 100% of the adult ferrets surveyed in our population were colonized with C. pylori subsp. mustelae. This is consistent with preliminary data reported in ferrets surveyed in both Canada and England (J. A. Hollingsworth, unpublished data) (13) . There was a much lower isolation rate (3 of 17 [18%]) from neonatal and juvenile ferrets, implying that colonization probably occurs after weaning (age, -6 weeks). At birth ferrets have nearly undetectable immunoglobulin levels; but by day 9 they have 77, 29, and 13% of the mean adult levels of immunoglobulin G (IgG), IgA, and IgM in serum, respectively (14) . The postpartum transfer of immunoglobulin occurs across the intestinal mucosa via the products of lactation. The presence of immunoglobulins in ferret milk (with some presumably directed toward C. pylori subsp. mustelae) may afford protection of the gastric mucosa from colonization with the organism until after weaning in most cases. Similar to our findings in ferrets, data on C. pylori infection in humans indicate that the prevalence of the organism increases with age (1).
After initial colonization, C. pylori subsp. mustelae appears to establish a persistent infection of the gastric mucosa in ferrets. C. pylori subsp. mustelae was isolated from gastric mucosa on repeated biopsies from several of the ferrets with surgically altered bile refluxes. This infers that the colonizing strains are persistent. Reinfection is also possible, given that these ferrets were maintained in a confined space. However, in a select number of ferrets, the organism was not isolated on rebiopsy of the gastric mucosae. Sampling and culturing techniques may account for the negative cultures; alternatively, select ferrets may be colonized with C. pylori subsp. mustelae for finite periods. By using restriction endonuclease DNA analysis, C. pylori from a group of patients was studied to determine the persistence of colonizing strains (7) . By using HindIII enzyme digestion, all the patients had isolates with different digestion patterns. In two patients, the C. pylori isolates recovered after an interval of 2 years were identical to those isolated originally, indicating that the same strain of C. pylori persisted during the 2-year period. In four patients, the digestion patterns of C. pylori cultured prior to antimicrobial agent therapy were identical to those of strains of the organism isolated after relapses, which occurred in each of the four patients several months after the cessation of therapy. Similar restriction enzyme studies are warranted in C. pylori subsp. mustelae isolated from ferrets on a longitudinal basis.
The amount of bile reflux did not appear to reduce the ability of ferret gastric mucosa to colonize C. pylori subsp. mustelae, which was isolated routinely over time from ferrets with and without bile reflux. This is contrary to findings reported in patients who underwent Billroth I partial gastrectomy, Billroth II partial gastrectomy, or truncal vagotomy and gastroenterostomy. The number of biopsy samples positive for C. pylori was significantly lower (P < 0.001) in patients who underwent these procedures compared with the number in patients with active duodenal ulcerations (12) . The investigators suggested that bile reflux may disrupt mucus and thus cause the death of C. pylori living beneath the protective mucous layer.
The ferret stomach has many anatomical and physiological similarities to that of humans (2) . In addition, it is readily available commercially, economic to purchase, easy to maintain, and amenable to gastric manipulation. Furthermore, the ferret has naturally occurring gastritis and ulcer disease which may be associated with the presence of C. pylori subsp. mustelae (3) . The ferret, therefore, appears to be an ideal model for the study of C. pylori gastric colonization, persistence, pathogenesis, and response to antimicrobial agent therapy (both short-term and long-term eradication). DNA hybridization data obtained after the completion of this study indicate that the ferret gastric Campylobacter isolate may be a separate species rather than a subspecies of C. pylori (P. Edmonds, personal communication).
